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[571 ABSTRACT 

An apparatus for and a method of reliably detecting a very 
small dotted image area. A detecting area including a pre- 
determined number of pixels including a target pixel is set 
It is judged whether or not the detecting area belongs to a 
dotted image area on the basis of the number of edge pixels 
in the detecting area. Consequently, it is possible to detect 
edges peculiar to the dotted image area on the basis of a 
leading edge portion or a trailing edge portion of the density, 
to detect the very small dotted image area on the basis of the 
Dumber of edge pixels. 

7 Claims, 12 Drawing Sheets 
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DOTTED IMAGE AREA DETECTING 
APPARATUS AND DOTTED IMAGE AREA 
DETECTING METHOD 

BACKGROUND OF THE INVENTION 

1. Field of Hie Invention 

The present invention relates to a dotted image area 
detecting apparatus and a dotted image area detecting 
method far judging whether or not eacfa of portions of an 
original image is an image in a dotted image area. 

Furthermore, the present invention relates to an image 
processor forjudging whether or not each of portions of an 
original image is an image in a dotted image area and 
whether or not the portion is an image in a character or line 
area, to make it possible to rmphasirr a character or tine in 
the dotted image area. 

2. Description of the Related Art 

A color digital copying machine includes a scanner which 
is constituted by a CCD (Charge Coupled Device) or the 
like. The scanner optically reads a color original for each 
very small pixel and converts the color original into red (R). 
green (G) and blue (B) electric signals. The electric signals 
are converted into digital Image data, and the digital Image 
data are stored in a memory. The color digital copying 
machine has the function of judging to which of a character 
or line area, a dotted image area and a picture area belongs 
each of areas of the original on the basis of the image data 
to perform image processing corresponding to the type of 
area. 

Far example, the image in a character or line area is 
subjected to emphasis such as edge emphasis or emphasis of 
a black character. On the other hand, the image in a dotted 
image area is subjected to smoothing processing. 

It is judged in the following manner whether or not an 
area to be judged Is a dotted image area. The area judgment 
is made by successively taking, as a target pixel, pixels 
constituting a read image. A detecting area including a 
predetermined number of pixels (for example, three pixels 
by three pixels) which are continuous centered with respect 
to the target pixel is set It is judged whether the density of 
the target pixel is higher or lower than the densities of the 
pixels around the target pixel If the target pixel is denser 
than the pixels around the target pixel the target pixel is 
detected as a peak pixel On the other hand, if the target pixel 
is thinner than the pixels around the target pixel, the target 
pixel is detected as a dip pixel 

A plurality of peak pixels and dip pixels are thus detected. 
It is judged whether or not an area to be judged is a dotted 
image area by examining whether or not (be spacing 
between peak pixels or dip pixels is suitable or whether or 
not the pitch of a pair of peak pixels or a pair of dip pixels 
is substantially fixed, for example. 

Examples of die dotted Image area in the original gener- 
ally include a large dotted image area spreading over one 
surface of the original to a small dotted image area. 
Examples of the small dotted image area include a dotted 
image area having a width of only 3 mm in the horizontal 
scanning direction (the direction in which the original is read 
by the scanner). 

Such a very small dotted image area may be erroneously 
judged to be a picture area or the like because it cannot 
satisfy the conventional judgment basis by using a conven- 
tional method. 

Furthermore, the density of the color (the gray level) of 
the dotted image area iacrodes various gray levels, that is. a 
high gray level, a medium gray level and a low gray level 
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With respect to a high gray level dotted image area, the 
change in the density in the vicinity of dots constituting the 
dotted image area is in a gentle mountain shape, while the 
change in the density in an area between the dots is in a sharp 

5 valley shape. Therefore, it is difficult to reliably detect peak 
pixels, while it is possible to reliably detect dip pixels. With 
respect to a low gray level dotted image area, the change in 
the density in the vicinity of dots is in a sharp mountain 
shape, while the change in the density in an area between the 

to dots is in a gentle valley shape. Therefore, it is possible to 
reliably detect peak pixels, while it is difficult to reliably 
detect dip pixels. With respect to a medium gray level dotted 
image area, it is possible to satisfactorily detect both peak 
pixels and dip pixels. 

13 Such properties of the dotted image area have not been 
conventionally considered. That is. the judgment of the 
dotted image area has been conventionally made on the basis 
of either the peak pixels or the dip pixels without depending 
on the gray level of the dotted image area. Therefore, (he 

20 dotted image area cannot, in some cases, be d et e ct ed. 

Furthermore, a character or line area may. in some cases, 
exist in the dotted image area. The character or line area 
may, in some cases, be judged to be a dotted image area if 
it is narrow. Therefore, an image in the character or line area 

35 may be subjected to smoothing which is image processing 
corresponding to the dotted image area. As a result the 
sharpness and the blackness of the character or line arc lost 

SUMMARY OF THE INVENTION 

30 A first object of the present invention is to provide a 
dotted image area detecting apparatus capable of reliably 
detecting a very small dotted image area. 

A second object of the present invention is to provide a 
dotted image area detecting method in which a very small 

35 dotted image area can be reliably detected. 

A third object of the present invention is to provide a 
dotted image area detecting apparatus capable of reliably 
detecting peak/dip pixels irrespective of whether the gray 
level of the dotted image area is higher or lower and 
consequently, capable of accurately detecting the dotted 
image area. 

A fourth object of me present invention is to provide a 
dotted image area judging method in which pcak/chp pixels 
4J can be reliably detected irrespective of whether the gray 
level of the dotted image area is higher or lower and 
consequently, the dotted image area can be accurately 
detected. 

A fifth object of the present invention is to provide an 
5q image processor capable of judging, even with respect to an 
area which is judged to be a dotted image area, a character 
or line area in the dotted image area and emphasizing a 
character or line. 
A sixth object of the present invention is to provide an 
33 image processing method in which it is possible to judge, 
even with respect to an area which is judged to be a dotted 
image area, a character or line area in the dotted image area 
and emphasize a character or line. 
According to the present invention, a detecting area 
60 inrinding a predetermined number of pixels including a 
target pixel is set An edge pixel positioned at a density 
change point in an image is detected on the basis of image 
data. Further, it is judged whether or not the detecting area 
belongs to a dotted image area on the basis of the number of 
63 edge pixels in the detecting area. 

Consequently, it is possible to detect edges peculiar to a 
dotted image area on the basis of a i«»Hng edge portion or 
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& trailing edge portion of the density to detect a very small trailing edge pixel positioned In a trailing edge portion of the 

dotted image grca on the basis of the number of edge pixels. density in the image are detected as edge pixels 

B is preferable that the edge pixels are detected by finding Furthermore, if the number of edge pixels in the drtrcting 

the relationship between the density of the target pixel and area is 001 lcss man a predetermined threshold value, it is 

the densities of pixels around the target pixel using a matrix 5 preferable that the detecting area is judged to belong to a 

with two pixels by two pixels including the target pixel dotted image area. 

Consequently, an area to be judged can be dgnific^ -.jT^^iJL 'Z'T?' ■* 

„ u,Hi nn «rr.ii, „« „,kZIk« *,! including a predetermined number of pixels is set The gray 
decreased to detect a leading or trailing edge, whereby die i^ltf an image m me of toedetecting area is 

c*pac*y of an nnage memory may b< ana* thereby mabng judge d to be^n? one of a high gW level, aSotm^By 
it possible to simplify a processing circuit 10 a low gray level oVXebads of image data. Ifme 

The matrix with two pixels by two pixels may have the gray level in the vicinity of the detecting area is judged to be 
target pixel at the lower right In this case, if the density X the low gray level, a peak pixel in the detecting area is 
of the target pixel, the density A of the pixel at the upper left detected as a peculiar point pixeL On (he other hand, if the 
of the matrix, the density B of the pixel at the upper right of gray level in the vicinity of the detecting area is judged to be 
the matrix, and the density C of the pixel at the lower left of 15 the high gray level, a dip pixel in the dftnctfng area is 
the matrix satisfy the conditions indicated by the following detected as a peculiar point pixel Further, if the gray level 
expressions (I), (2) and (3). the target pixel can be detected in the vicinity of the detecting area is judged to be the 
as a leading edge pixeL Consequently, it is possible to detect medium gray level, the peak pixel and the dip pixel in the 
a leading edge pixel peculiar to the dotted image area. detecting area are detected as peculiar point pixels. It is 

30 judged whether or not the detecting area belongs to a dotted 
image area on the basis of the peculiar point pixel density in 
(X-q>th (i) me detecting area. 

m ~ B) STH (2) Dot* constituting the low gray level dotted image area are 

(3) small. Therefore, the change in the density in the vicinity of 

23 the dots is in a sharp mountain shape, while fee change in the 
where TH is a predetermined threshold value. density in an area between the dots is in a gentle valley 

Furthermore, if all the conditions indicated by the fol- shape. Therefore, peak pixels are detected as a peculiar point 
lowing expressions (4), (5) and (6) are satisfied, it is possible P"el with respect to the low gray level dotted image area, 
to detect the target pixel as a trailing edge pixel. On the other hand, dots constituting the high gray level 
Consequently, it is possible to detect a trailing edge pixel 30 dotted image area are relatively large. Therefore, the change 
peculiar to the dotted image area. in the density in the vicinity of the dots Is in a wide and 

gentle mountain shape, while the change in the density in the 
— — .i... area between the dots is in a narrow and deep valley shape. 

(C - X) > TH (4) Therefore, dip pixels are detected as a peculiar point pixel 

(A- B) a TO (6) 33 respect to the high gray level dotted image area. 

Furthermore, bom a peak and a dip have the same degree 



of sharpness in the medium gray level dotted image area. 
Furthermore, the edge pixels may be detected by finding Both the peak pixel and the dip pixel can be detected as 
the relationship between the density of the target pixel and peculiar point pixels. 

the densities of the pixels around the target pixel using a 40 In the present invention, the dotted image area is thus 
filter of three pixels by one line. Consequently, the edge judged on the basis of either one or both of the peak pixel 
pixels can be detected using a small judging area, whereby density and the dip pixel density depending on the gray level 
the capacity of an image memory may be small, thereby of the image area. Consequently. It is possible to reliably 
making it possible to simplify a processing circuit. detect the peak/dip pixels irrespective of whether the gray 

Additionally, if the density a of the left pixel on the upper 45 level of the dotted image area is higher or lower and 
line in a matrix with three pixels by two lines having the consequently, to accurately detect the dotted image area, 
target pixel at the center of the lower line, the density b of ft is preferable that the gray level of the detecting area is 
the middle pixel on the upper line, the density c of the right judged by finding the average value of the image data 
pixel on the upper line, the density d of the left pixel 00 the corresponding to the pixels in (he detecting area and corn- 
lower line, the density e of the right pixel on the lower line, 30 paring the average value with a predetermined threshold 
and the density X of the target pixel satisfy the conditions value. 

indicated by the following expression (8), it is preferable Furthermore, according to the present invention, a detect- 
that the target pixel is detected as a leading edge pixeL mg area including a predetermined number of pixels is set 
Consequently, it is possible to detect a leading edge pixel It is judged whether or not the detecting area belongs to a 
peculiar to the dotted image area. 55 dotted image area and whether or not the detecting area 

belongs to a character or line area on the basis of image data 
corresponding to the pixels in the set detecting area. Image 
data corresponding to a pixel in the area which has been 

^Jfv to U L fm.««H„c jud8Cd 10 <° a dotted image area is objected to 

Similarly rf the conditions indicated by the following ^ smoommg processing. Image data corresponding to a pixel 
expression (9) are satisfied, the target pixel can be detected in me area which has been judged to belong not only to a 
as 1 trailing edge pixel Consequently, it is posiible to detect dottcd image area but also to a character or line area is 
a trailing edge pixel peculiar to the dotted image area: subjected to edge enn^asizing processing by character or 

<*+#-2Jrx* tod »*o-2frSrt (9) ^ em P casl2in 8 means in addition to the smoothing pro- 

w 65 ceasing. 

It is preferable that both a leading edge pixel positioned Consequently, the possibility that a character or line in a 

in a leading edge portion of the density in the image and a dotted image area is blurred due to the smoothing processing 



2X-4-#Xfi ad Ib-o^ci* (8) 
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is eliminated. Therefore, a character or line portion is FIG. 5A is a diagram showing the content of a leading 

emphasized to some extent even in a dotted image area, edge detecting filter which is applied to the 2x3 matrix area; 

thereby matin g it possible to output a dear character or line pjQ. SB is & diagram showing the content of a trailing 

tattSe- ... edge detecting filter which is applied to the 2x3 matrix area; 

It is preferable that image data corresponding to a pixel in 5 . .„ o - , mat . m . cmt - 

the arcTwhich has beeojudged to belo^oot to a character t ™- 6 is a ma^ lowing a 9x6 matnx area set for 

or line area but to a deced taage area il subjected toedge judging the gray level of the density of an image area; 

emphasizing processing weaker than the edge emphasizing FK3. 7 is a diagram showing a 3*3 matrix area for judging 

processing by the character or line *mph«gMn e means. whether or not a target pixel is a peak pixel/dip pixel; 

Consequently, it is possible to return the gray level attenu- 10 FIG. 8 is a diagram showing the density distribution in a 

ated by the smoothing processing to some extent As a result, low gray level dotted image area; 

it is possible to obtain an image having no moir6. pig. 9 is a diagram showing the density distribution in a 

Furthermore, it is preferable that image data correspond- g^y dotted image area; 

* ^"S^L? * C m FIG. 10 is a Mock diagram showing the electrical con- 

wmch hubeen judged to belong ™}*'<^™*&>™ 15 str uction of a prindpTpart of a color digital copying 

but to a character or line area is subjected to edge empha- machme to a ^ embod^t of mc present inven- 

sizing processing stronger than the edge emphasizing pro- tion ^ appi^ 

cessing by the character or line emphasizing means. \\ . . ..... . . - t ^ , 

r««.„™*H, ik- „ i:„, j« «™^rrt-H FIG. MA is a Mock diagram showing the functional 

Coventry, the character or Ime is sharply represented, character/dottedtoicture area judging circuit 

Additionally, it is preferable that the image data corre- « \ ^y^^^^^— J 

spooding to the pixel which has been subjected to the strong according to the third embodiment; 

edge emphasizing processing and which has been Judged to FIG. 11 is a block diagram showing the construction of a 

constitute a black character image is further subjected to principal part of a dotted image filter circuit; 

level converting processing for emphasizing a black color FIG. 12 is a block diagram showing the construction of a 

Consequently, it is possible to reproduce the character or line 25 principal part of a character/line area filter circuit; and 

in deep black. FIGS. 13 A. 13B and 13C are diagrams showing examples 

Furthermore, it is preferable that image data correspond- of a sha for edge emphasis, 
ing to a pixel around a character or line in the area which has 

been judged to belong not to a dotted image area but to a DESCRIPTION OF THE PREFERRED 

character or line area is subjected to gray level adjusting 30 EMBODIMENTS 
processing for restraining the density of the pixel. 

Consequently, it is possible to erase a blur sticking out a I. First Embodiment 

character ar]int, FIG. 1 is a block diagram showing the electrical construe- 

. AodihonaUy it is preferable that image daU correspond- p^fcrfa colored copying machine. 

Ing to a pixel In the area which has been judged to belong 3 < ^ K . * , 

to neither a dotted image area nor a character or line area is The color digital copying machine comprises a scanner 1 

subjected to edge emphasizing processing weaker than the whi* is constituted by a CCD (Charge Coupled Device) for 

edge emphasizing processing by the character or line example. The scanner 1 scans a color anginal in one 

emphasizing means. Consequently, it is possible to perform direction (hereinafter referred to as the horizontal scanning 

good processing for a picture area. Specifically, the change « Erection), reads the color original for each very small pixeL 

in the gray level can be emphasized while preserving the and converts the color original into signals representing the 

medium gray level thereby making it possible to obtain an ^ primary 00- magenta (M) and cyan (C). 

image having a depth effect ^ resolution of * e scanner 1 may be approximately 400 

The foregoing and other objects, features, aspects and fl**** 2° 

advantages of the present invention will become more 43 The Y. M and C toree-primary-colar signals arc converted 

apparent from the following detailed description of the into digital image data, after which the digital image data are 

present invention when taken in conjunction with the subjected to correction processing corresponding to the 

accompanying drawings. characteristics of toner, for example, by an input processing 

BNBF DESOUPnOKOPra DRAWINGS ^ ^^t^^^^Z 

FIG. 1 is a block diagram showing the electrical construe- data corresponding to a predetermined number of lines (for 

don of a principal part of a color digital copying machine to example, three lines) selected for judging the type of area 

which a first embodiment and a second embodiment of the cut of the stored image data are transferred to a character/ 

present invention are applied; ctottcd/picture area judging circuit 4, and are stored in a line 

FIG. 1A is a block diagram showing the functional 55 memory 41 inside thereof. The cbaracter/dottedJpicture area 

features of a characterydoa^d/picture area judging circuit judging circuit 4 judges which of a character or line area, a 

according to the first ernbodiment; dotted image area and a picture area is an area to be 

FIG. IB is a block diagram showing the functional processed, 

features of a cfaaractei/dotted^icture area judging circuit On the other hand, the Y. M and C three-frimary-cokir 

according to the second ernbodiment; ^ image data are supplied to a black generating circuit 5. 

FIG. 2 is a diagram showing a 2x2 matrix area set for where black (BK) data for compensating for density insuf- 

judging a leading edge pixel or a trailing edge pixel; ficiency in a high density original are produced. 

FIG. 3 is a diagram showing a 4x9 matrix area for Further, the image data in four colors Y. M, C and BK are 

determining whether or not a target area is a dotted image taken out for each color by a color selector circuit 6. and the 

area; 65 image data taken out are supplied to a zooming/moving 

FIG. 4 is a diagram showing a 2x3 matrix area set for circuit 7, where the image data are converted into data 

judging a leading edge pixel or a trailing edge pixel; • corresponding to the set magnification or the like. In a filter 
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draft R. the Image data sre subjected to smoothing and edge 
sharpening depending oo the type of judged area. ■ 



(C- X)>TH (4) 

The image data are finally outputted to an output section (B - X)> th (5) 

U such as a laser printer section through an output control 5 (a-B)STH (6) 
circuit 16. 

- . . . . ... . , _^ _ The foregoing expression (4) indicates that the density of 

Descnptioo is now made of the details of the function of the target pixd xTcoosidcrably lower than the density of 

judging a dotted image area in the character/dotted/rncture ^ pixel c adjacent thereto on the left side. The foregoing 

area judging circuil 4. As shown in FIG. 1A. the character/ expression (5) indicates mat the density of the target pixd X 

dotted/picture area judging circuit 4 includes a detecting 10 is considerably lower than the density of the pixel B adjacent 

area setting means 4>, an edge pixel detecting means 4b, an thereto oo the upper side. The foregoing expression (6) 

edge pixel counting means 4c, a judging means 44 and the indicates that the density of the pixel B adjacent to the target 

line memory 41. The deterring area setting means 4a sets a pixel X on the upper side is not considerably lower than the 

detecting area including a predetermined number of pixels 13 density of the pixel A adjacent thereto on the left side, 

including a target pixel. The edge pixel detecting means 46 If the target pixel X is dete c ted as a Leading edge pixel or 

detects edge pixels positioned at a density change point. The a trailing edge pixel by the above described judgment, the 

edge pixel counting means 4c counts the detected edge target pixel X is taken as a dot can d i d at e Such processing 

pixels. The judging means Xd judges whether or not the is performed for each pixel on each Hue corresponding to the 

detecting area belongs to a dotted image area. jo im *S c tcm P oraril y stared in rhe line memory 41. 

m Tw^™ t M Hin» ~ ^Hi.r. ^„ ™i Leading edge pixels satisfying the foregoing conditions 

(1) Detection of leading or trailing edge pixel (I), (2) and (3) or trailing edge pixels satisfying the fore- 

The erwactg/dotted/picture area judging circuit 4 sue- going conditions (4), (5) and (6) are edge pixels peculiar to 

cessively processes respective pixels corresponding to a dotted Image area. That is, edge pixels constituting a 

image data stored in the line memory 41 as a target pixel ^ chnrmtrr image cannot satisfy the foregoing conditions. 

Specifically, a matrix with two pixels by two lines having a Therefore, only edge pixels constituting a dotted image area 

target pixel X at the lower right is used, as shown in HO. X can be reliably detected. 

The following density judgment is made using image data ( 2 ) Dotted image area judgment 

corresponding to the pixels constituting the matrix. Density For example, an area including 36 pixels in a matrix with 

values of an upper left pixel A. an upper right pixel B. a 30 nine pixels by four lines as shown in FIG. 3 is paid attention 

lower left pixel C and the target pixel X shall be represented t0 - " d ** takcn » °° c Woct Uadk 8 edge pixels and 

by reference symbols of the respective pixels. At this time. traihn * td « c P aci * fouDd *>y * c above described method in 

if all the conditions indicated by the following expressions J? block * c is **** ^™ "* 

(1), (2) and (3) are satisfied, the target pixel X Is dieted as f** 00 * 5 * L^JSXiZZ 5? 

an ed« otxel- « judging conditions indicated by the following expression (7) 

an cage pixei. 011 the basi* of the result of me counting: 

11 1 ■ - 1 (die nunber of leading edge pixeb>K(he Dumber of milnts edge 

(X-C)>TH (1> jwebiSJI/M, (7) 

(B - A) S ra (3) where TH UD is a predetermined threshold value. 

40 If the conditions indicated by the foregoing expression (7) 
are satisfied, it is judged that the block belongs to a dotted 

where TH is a predetermined threshold value. image area. 

The foregoing expression (1) indicates that (he density of tt ** preferable that the threshold valueTHyj, is set to four, 

the target pixel X is considerably higher than the density of for example. A numeral "4" is a value determined in 

the pixel C adjacent thereto on the left side. The foregoing 45 consideration of the number of dots existing in the above 

expression (2) indicates that the density of the target pixel X described area including 36 pixels in a dotted image original 

is considerably higher than the pixel B adjacent thereto on J? ^ of J™ of deranged per inch 

the upper side. Tte foregoing expression (3) Indicates that (hcreinaftc^exred toas "nihng") ishom 100 to 200 

me density of me pi*d£^ „ . Such pro^stng is perfumed fcr^ Week correspond- 

. . . 1. -J m * 30 mg to the image data temporarily stored in the une memory 

the upper side is not considerably higher than the density of ^£ 0 J 1 

the pixel A adjacent thereto on the left side. Edges peculiar to a dotted image area are detected by thus 

ItispreferabkmatmethrcsncadvaltteTHissctto detecting pixels constituting leading and trailing edges. It is 

for example, when the density of the pixel is represented at possible to detect a very small dotted image area having a 

256 gray levels, for example. When a uniform gray level 55 width in the horizontal scanning direction of not more than 

portion in a picture area of an original is read in. the change 3 millimeters on the basis of the number of edge pixels 

in the gray level hardly becomes not less than five. On the within a detecting area Including a predetermined mimber of 

contrary, when a uniform gray level portion in a dotted pixels. 

image area of the original is read in, a step of a gray level The following modification is possible with respect to the 

change of not less than five naturally occurs. Consequently. 60 present embodiment. Specifically, although in the above 

a pixel in a leading edge portion of the density in a picture described enirxKtirnent, the Mock including 4x9=36 pixels 

area can be prevented from being detected as a leading edge (see FIG. 3) is wssirmrd as a unit area for judging whether 

pixel in a dotted image area by setting the threshold value as or not the detecting area belongs to a dotted image area, the 

described above. sizecf thebloctU rxstumh^tothesaine. Abl 

On the other hand, if all the conditions indicated by the 63 an arbitrary number of pixels may be set 

following expressions (4), (5) and (6) are satisfied, the target Furthermore, in the above described embodiment, the 

pixel X is detected as a trailing edge pixel: density of the target pixel X and the densities of the pixels 
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A to C around the target pixel X arc compared with each the densities of pixels around the target pixel, and compares 

other using the matrix with two pixels by two lines (see FIG. the average value with a set threshold value. For example, a 

2) in order to detect leading edge pixels and trailing edge matrix with nine pixels by six lines (toe matrix is taken as 

pixels. However, a method using an edge detecting filter is «ie block) as shown in FIG 6 is used, to find the average 

also applicable to detectioD of edge pixels. SpecificaDy. a 5 valne AVE of the densities of all 54 the pixels. 

matrix with three pixels by two lines as shown in FIG. 4 may & « judged that the block is at a high gray level if 

be used, to process image data representing pixels on the AVE>TH^ (TH £ u i a threshold value for Meeting! high 

upper line and the lower line using a filter as shown in FIG. aW I^>;* e **** f **}™&*y lcvel ifAVE^CTH, 

?Tne following Judgment may* made with respect to the * ■ ^ to d *^*^J^yd ) ' md * e 

target pixelX^sZS in me center of the lower line, to bl «*>f * a ,^^1^ 

Specifically, if the following conditions are satisfied, the ^^^^^^^V^^SsT 3 ' 

J2~tV. J v ;. ^\ „. . {t m A: nn be set to a value at which the gray level is best divided. For 

target pixel X is taken as a leading edge p«eL example^ the density of an inSge canbe represented at 256 

u-d^xfi tod 2>^cirt <8> gray levels from 0 to 255 by image data* the threshold values 

THj and 1H k may be set so as to divide an entire gray level 

Specifically, if the density of the target pixel X is consider- 15 section Into three sections. In addition, the threshold values 

ably higher than the densities of the pixels d and e adjacent TH, andTH* may be set by taking the nonlinearity of the 

thereto on the left and right sides, and if the density of the input characteristics of a scanner 1 into consideration, 

pixel b adjacent to me target pixel X on the upper side is not Image data temporarily stored in a line memory 41 in the 

considerably higher than the densities of the pixels a and c charactei/dc<ted/pii3ure area judging circuit 4 are processed 

adjacent thereto on the left and right sides, it is judged that 20 using image data representing pixels in a matrix with three 

the target pixel X is a leading edge pixeL pixels by three lines (see FIG. 7) in order to detect peak 

Id this case, th is a threshold value. The threshold value pixels and dip pixels, 

th may be set to a value which is twice the above described if a value obtained by subtracting from the density of a 

threshold value TH for detecting edge pixels. The reason for target pixel X in the center the maximum value of the 

this is (hat data corresponding to the target pixel X is u densities of pixels A to H around the target pixel X is more 

multiplexed by a coefEcieot "2*. If the following conditions than a predetermined threshold value, it is judged that the 

are satisfied, the target pixel X is taken as a trailing edge target pixel X is a peak pixel. On the other hand, if a value 

pixel: obtained by subtracting the density of the target pixel X from 

the minimum value of the densities of the pixels A to H 

<u+-vo* tDd o+c-u>*& w 30 flround tQc ^ x more tfuu a predetermined 

Specifically, if the density of the target pixel X is consider- value, it is judged that the target pixd X is a dip pixeL 

ably tower than the densities of the pixels d and c adjacent It is preferable that the threshold valne is set to "5" when 

thereto on the left and right sides, and if the density of the the density of each of the pixels is represented at 256 gray 

pixel b adjacent to me target pixel X on the upper side is not u levels, for example. Where a uniform gray level portion in 

considerably lower than the densities of the pixels a and c on a picture area of an original is read in. the change In the gray 

the left and right sides, it is judged that the target pixel X is level hardly becomes not less than five. On the contrary, 

a trailing edge pixeL where a uniform gray level portion In a dotted image area of 

It is also possible to accurately detect leading edge pixels an original is read in. a step of a gray level change of not less 

or trailing edge pixels peculiar to the dotted image area by ^ than five naturally occurs. Consequently, pixels in me pic- 

this method aire area can be prevented from being detected as peak 

pixels or dip pixels by setting the threshold value as 

2. Second Bnibo<liment described above. 

Description is now made of a second embodiment of the For example, where image data conresponding to three 

present invention. In the description of the present A5 lines are stored in the line memory 41. the above described 

embodiment, FIG. 1 will be referred to again. Furthermore, processing is performed for each pixel oo a middle line out 

the present embodiment is characterized by the judgment of of three tines whose image data are temporarily stored in the 

a dotted image area. Therefore, description is now made of line memory 41. 

the details of the function of judging a dotted image area in Oo the other hand, it must be determined which of the 

a characta/dotted^plcture area judging circuit 4. yj peak pixels and the dip pixels which are detected in the 

FIG. IB shows a functional features of the area judging above described manner are employed for judging a dotted 

circuit 4. The circuit 4 includes a detecting area setting image area. This determination is made depending on the 

means 42 for setting a detecting area Inrfading a predeter- above described results of judgment which of a high gray 

mined number of pixels, a gray level judging means 43, a level, a low gray level and a medium gray level is the gray 

peculiar point pixel detecting means 44, a dotted image 55 leveL 

judging means 45 for judging whether or not the detecting Specifically, with respect to pixels in a low gray level 

area belongs to a dotted image area on the basis of a peculiar block, a dotted image area is constituted by small dots, 

point pixel density in the detecting area, and (he line Therefore, the change in the density in the vicinity of the 

memory 41. The gray level judging means 43 judges the dots is in a sharp mountain shape, while the change in the 

gray level high, low or medium, of the vicinity of the 60 density between the dots is in a gentle valley shape, as 

detecting area. The peculiar point pixel detecting means 44 shown in FIG. & Consequently, it is impossible to detect the 

includes a peak pixel detecting means 44a and a dip pixel accurate positions of dip pixels. Therefore, peak pixels are 

detecting means 446. Based on the judgment of the gray exclusively paid attention to. If the number of peak pixels in 

level judging means 43, either or both of me detecting means the block is more than a predetermined number, the block is 

44a and 446 perform the detection. &s judged to belong to a dotted image area. 

The character/dxxted/^lcture area judging circuit 4 first With respect to pixels in a high gray level block, a dotted 

finds the average value of the density of a target pixel and image area is constituted by large dots. Therefore, the 
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change in the density between the dots is in a deep valley (I) Area Judgment 

shape, while the change in the density in the vicinity of the Description is first made of the function of judging an area 
dots is in a gentle mountain shape, as shown in FIG. 9. by the charactcr/dotte4/picfcire area judging circuit 4A. 
Consequently* it is impossible to detect the accurate posi- information corresponding to three lines which are tern- 
dons of the peak pixels. Therefore the dip pixels are 5 porarily stored in a line memory 41 in the character/dotted/ 
exclusively paid attention to. If (he number of dip pixels in picture area judging circuit 4A are processed using image 
the block is more than a predetermined number, therefore, data corresponding to pixels in a matrix with three pixels by 
the block is judged to belong to a dotted image area, three lines (see FIG. 7), whereby peak pixels and dip pixels 

In a medium grey level block, bom a peak and a dip of the °c detected 

change in the density have the same degree of sharpness, u> The following judgment basis Is used for ^~**"g peak 

whereby it cannot be decided which of peak pixels and dip puds and dip pixels. Specifically, in the three by three 

pixels are suited to judge a dotted image area. Therefore, matrix shown in FIG. 7, if the density of a target pixel X is 

both peak pixels and dip pixels are paid attention to. If the higher than the densities of pixels B.CD and H around me 

number of peak pixels in the block is more than the target pixel X, and if a value obtained by subtracting a 

predetermined number or the number of dip pixels in the " predetermined value ("3". for example) from the density of 

block is more than the predetermined value, the block is the target pixel X is higher than the densities of pixels A, E, 

judged to belong to a dotted image area. F and G around the target pixel, the target pixel X is judged 

When (he foregoing processing is completed with respect to be a peak pixel. On the other hand, if the density of the 

to the middle line out of the three lines whose image data are target pixel X is Iowa than the densities of the pixels B. C. 

temporarily stored in the line memory 41, the same process- 20 D and H around the target pixel X and a value obtained by 

ing is also performed with respect to the succeeding line. adding the predetermined value to the density of the target 

As described in the foregoing, according to the present ^ X ^^^J^ t ^^^^^f^/^ 

embodiment, ills judged whether or not aTaxea in thTblock P > ar "j nd * c *W* P*«l X, the target pixel X is Judged to 

belongs to a dotted image area using either one or both of „Jr^ p ? t ^ 

peak pixels and dip pixels depending on the average gray 25 Where ^ ima 8 e corresponding to three lines are 
level of (he area. Consequently, it is possible to judge a J*^ ^ f"nory 41, the above described process- 
dotted image area more reliably ing is performed for each pixel oo the middle line. 

The present emtodiment can be nwdified m the following . ^ ^ fc^oii^T^^ ^ coz^ti^ with Ttspca 
manned Specifically, although iS* „ 

embodiment. «* «o*^ 6x9=54 pixels (see FIG. 6) » [fTS^ 

Z^I^l J? C . ^ X "? dc ff ribc<1 cmb ^ cnt ' * c 35 It is then independently Judged whether or not the area of 

matrix with three pixels by (hxee lines (see FIG. 7) is used an original belongs to a dotted image area and whether or not 

for detecting peak pixels and tup pixels, and the density of me aeA Mongs to a or line area, 

the target pixel X and the densities of the pixels A to H The judgments are made in the following manner, for 

around the target pixel X are compared with each other. example, which have been conventionally known. 

However the peak pixels and the dip pixels can be also « U predetermined periodicity Is satisfied with respect to 

detected by examuung the rekbonship between fee density image data in a certain area when oneKfimensional 

of me target pixel and the density of me adjaceat pixel on the or twcMlimensional periodicity of occurrence of peak pixels, 

baas of pixel information 00 only one line, for example. for example, is paid attention to, the area is a dotted image 

3. Third Embodiment (scc Jfl P ancsc LaW-Open No. 10965671988). 

45 Abrupt leading and trailing edge portions of the density 

FIG. 10 is a block diagram showing the electrical con- are detected, to judge whether or not the area of the original 

struction of a digital copying inachine to which a third is a character or line area on the basis of the ratio of the 

embodiment of the present invention is applied. In FIG. It, number of pixels constituting edges In a Redetermined area 

sections having the same functions as those of the respective to the number of pixels having the same binary-coded value 

sections shown in FIG. 1 are assigned the same reference 50 ("0" or "1") (see Japanese Patent Laid-Open No. 222074/ 

numerals. In the digital copying machine shown in FIG. It, 1990 and Japanese Patent Laid-Open No. 110677/1990). 

a dotted image filter circuit 8A performs smoothing pro- The judgmem whether or not an area to be judged belongs 

cessing on the basis of the result of area judgment by a to a dotted image area and the judgment whether or not an 

crjaracter/dc^tcd/pictuxe area judging circuit 4A. In a area to be judged belongs to a character or line area are 

character/line area filter circuit SB in the succeeding stage, 55 independent Therefore, four types of results of judgment, 

edge sharpening processing and gray level adjusting pro- that is, (a) it is a dotted image area and a character or line 

cessing are performed on the basis of the result of the area (a character or line image in a dotted image area), (b) 

judgment by the charactcr/dotted/rncrure area judging circuit it is not a character or line area but a dotted image area, (c) 

4A- it is not a dotted image area but a character or line area, and 

As shown in FIG. 10A, the characier7dcttedfricture area 60 (d) it is neither a dotted image area nor a character or line 

jiidging circuit 4 Includes a detecting area setting means 4A<> area (a picture image), 

far setting a deterring area including a predetermined aum- (2) Dotted Image Filter 

ber of pixels, a peak/ dip pixel rirtcrting means 4Afr for FIG. 11 is an internal block diagram showing the con- 
detecting peak pixels and dip pixels, an area judging means struction of a principal part of the dotted image filter circuit 
4Ac forjudging whether or not the detecting area belongs to 65 8A. Data representing any one of me three primary colors Y, 
a dotted image area and whether or not the delecting area M and C is divided into two. one directly entering a selector 
belongs to a character or line area, and the line memory 41. 82 and (he other one entering a «nwwMn g circuit 81, where 
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the data is subjected to smoothing processing. The smooth- 
ing processing is performed by a three by three smoothing 
matrix as shown in FIG. 11 That is, the average value of the 
densities of nine pixels in the three by three matrix is taken 
as the density of a target pixel. 

The smoothed data is inputted to the selector 82. The 
selector 82 passes the data corresponding to any one of the 
three primary colon as it is if the result of (he judgment by 
the charactcr/dottcd/picturc area judging circuit 4A is not 
"dotted image area", while passing the smoothed data if it is 
"dotted image area". Consequently, smoothing processing is 
perfonrjed or is not performed depending on the result of the 
area judgment When the smoothing processing is 
performed, occurrence of moire" in the dotted image area is 
restrained. 

(3) Character/line area filter 

FIG. 12 is a block diagram showing the construction of a 
principal part of the character/line area filter circuit 8B. 
Output data of the dotted image filter circuit 8A are sub- 
jected to strong, medium and weak edge emphases 91, 92 
and 93 at three levels of intensity and are subjected to gray 
level adjusting processing 95 in order to emphasize the 
difference between the density of the target pixel and the 
densities of the pixels around the target pixel. 

Id the edge emphases, a three by three edge emphasis 
matrix is used, as shown in FIGS. 13A, 13B and 13C The 
strongest edge emphasis is to multiply the density of a target 
pixel by 5 and multiply the densities of diagonal pixels 
around the target pixel by -1. then add the results of the 
multiplication, and further increase the result of the addition 
by 1.2 times, as shown in FIG, 13A. The result of the 
operation becomes the density value of the target pixel The 
medium edge emphasis is to multiply the density of a target 
pixel by 5 and multiply the densities of diagonal pixels 
around the target pixel by -1, then add the results of the 
multiplication, and further increase the result of the addition 
by 1.0 time, as shown in FIG. 13B. The result of the 
operation becomes the density value of the target pixel The 
weak edge emphasis is to multiply the density of a target 
pixel by 34 and multiply the densities of diagonal pixels 
around the target pixel by -0.6, and then add the results of 
the niuloplication, as shown in FIG. 13C. The result of the 
operation becomes the density value of the target pixel. 

When the data are subjected to the strong edge emphasis, 
level converting processing 94 is subsequently performed, 
as shown in FIG. 12. This processing is processing for 
emphasizing a black color in the character or line and 
replacing the values of the data C and Y with the value of the 
data M. Consequently. aD the data Y, M and C attain the 
same level, whereby the Mack color is emphasized. 

The gray level adjusting processing 95 is performed in 
parallel with the edge emphasizing processing. The lowest 
value out of the respective values of Y, M and C is detected, 
and each of the values of Y, M and C is replaced with the 
minimum value. It is possible to restrain a blur around the 
character or line by the gray level adjusting processing 95. 

A selector 96 selects data to be passed, as in the following 
items (a) to (d). in accordance with the result of the judgment 
by the character/aotted^ricture area judging circuit 4A. 

(a) In a case where a judged area is judged to belong to 
a dotted image area and a character or line area (a 
character or Hoe image in a dotted image area): the 
selector 96 passes data which has been subjected to the 
mrrflfitm edge T Pphycfc 92. 

(b) In a case where a judged area is judged to belong to 
not a character or line «ea but a dotted image area: the 
selector 96 passes data which has been subjected to the 
weak edge emphasis 93. 
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(c) In a case where a judged area is judged to belong to 
not a dotted image area but a character or line area: the 
selector 96 passes data which has been subjected to the 
strong edge fmrfaisis 91 and the level converting 

5 processing 94 with respect to pixels constituting a 
character or line image, while passing data which has 
been subjected to the gray level adjusting processing 95 
with respect to pixels constituting an area around the 
character or line image. The level converting process- 

iq ing94 is far emphasizing black color with respect tome 
pixels whidi have been judged to constitute a black 
character image. The judgment whether or not a pixel 
constitutes a black character image is perf onned by the 
character/dotted/m'cture area judging circuit 4 in accor- 

, 3 dance with a method known In the at 

(d) In & case where a judged area is judged to belong to 
neither a dotted image area nor a character or line area 
(a picture area): the selector 96 passes data which has 
been subjected to the weak edge emphasis 93. 

20 By the foregoing processing, in the case of a character or 
line area which is a dotted image area, image data corre- 
sponding to me character or line image in the dotted image 
area are subjected to the medium edge emphasis after being 
subjected to the smoothing processing. Consequently, the 

25 occurrence of moire in the dotted image area, for example, 
is restrained, and the character or line image is emphasized 
to hold the sharpness of the character or line. 

hi the case of the mere dotted image area, image data 
corresponding to an image other than a chnrwctrr or line 

30 image in a dotted image area are subjected to the weak edge 
emphasis after being subjected to the smoothing processing. 
As a result the change in the gray level attenuated by the 
smoothing processing can be returned to some extent 
thereby making it possible to obtain a good image having no 

35 moire. 

In the case of a character or line area which is not in a 
dotted image area, image data corresponding to the character 
or line image are subjected to the strong edge emphasis and 
the level converting processing, whereby the sharpness of 
40 the character or line is emphasized. Moreover, it is possible 
to emphasize a black color in the character or line. In 
addition, the image data are subjected to the gray level 
adjusting processing with respect to the pixels constituting 
the area around the character or line image, thereby making 
43 it possible to erase a blur sticking out the character or line. 

In the case of a picture area, image data corresponding to 
the picture area are subjected to the weak edge emphasis, 
thereby making it possible to emphasize the change in the 
gray level while preserving the medium gray level of a 
50 picture, whereby an image having a 3D effect is obtained 

Although the present invention has been described and 
illustrated in detail, it is clearly understood that the descrip- 
tion is by way of illustration and example only and is not to 
he taken by way of limitation, the spirit and scope of the 
55 present invention being limited only by the terms of the 
appended claims. 

What is claimed is: 

1. An image processor for processing image data repre- 
senting each of densities of a plurality of pixels constituting 
go an image, ^fi mprjying j 

setting means for setting a cletectiag area including a 

predetermined number of pixels; 
area judging means forjudging whether the rirtrrfing area 
belongs to a dotted image area and whether me detect- 
65 ing area belongs to a character or line area on the basis 
of image data corresponding to the pixels in the detect- 
ing area set by the setting means; 
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smoothing means for subjecting image data correspond- 
ing to a pixel in an area which has been judged to 
belong to a dotted image area to smoothing processing; 
and 

character or line emphasizing means for subjecting image 5 
data corresponding to a pixel in an area which has been 
judged to belong to both a dotted image am and a 
character or line area to edge emphasizing processing, 
after the image data have been subjected to the smooth- 
ing processing by the smoothing means. 10 

2. An image processor according to claim 1, further 

means far subjecting image data corxesponaing to a pixel 
in an area which has been judged to belong not to a 
character or line area but to a dotted image area to edge 
emphasizing processing weaker than the edge empha- 
sizing processing by the character or line «nph**i png 
means. 

3. An image processor according to claim 1. further 
comprising 

means far subjecting image data corresponding to a pixel 
constituting a character or line in an area which has 
been judged to belong not to a dotted image area but to 
a character or line area to edge emphasising processing u 
stronger than the edge emphasizing processing by the 
character or line emphasizing means. 

4. An image processor according to claim 3. further 
comprising 

means for subjecting the image data corresponding to the M 
pixel which is subjected to the strong edge emphasizing 
processing to level coo verting processing for empha- 
sizing a black color. 

5. An image processor according to claim 1, further 
comprising 
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means far subjecting image data ccrresptttding to a pixel 
around a character or line in an area which has been 
judged to belong not to a dotted image area but to a 
character or line area to gray level adjusting processing 
for restraining the density of the pixeL 

6. An image processor according to claim 1, further 
comprising 

means for subjecting image data corresponding to a pixel 
in an area which has been judged to belong to neither 
a dotted image area nor a rtiantrtrr or line area to edge 
emphasizing processing weaker than the edge empha- 
sizing processing by the character or l ine emphasizing 
means. 

7. An image processing method for processing image data 
representing each of densities of a plurality of pixels con- 
stituting an image, comprising the steps of: 

setting a detecting area including a predetermined cumber 
of pixels; 

judging whether the detecting area belongs to a dotted 

image area on the basis of image data corresponding to 

the pixels in the detecting area; 
judging whether the detecting area belongs to a character 

or line area on the basis of image data corresponding to 

the pixels in the detecting area; 
subjecting image data corresponding to a pixel in an area 

which has been judged to belong to a dotted image area 

to smoothiixg processing; and 
subjecting image data corresponding to a pixel in an area 

which has been judged to belong to both a dotted image 

area and a character or line area to edge emphasizing 

processing, after the image data have been subjected to 

the smoothing processing. 
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